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(57) ABSTRACT 

The method for programming a flash memory device 
includes sequentially loading program data in the page_ 
"bufifefcifcuir responsive~to~i first commandsignal, the first 
command signal indicating program data input and gener- 
ating a program voltage responsive to a second command 
signal, the second command signal indicating programming 
initiation. EEPROM cells are programmed after the program 
— voltage-reaches-a-predeteFmined-target— All-of-the-pro=- 
grammed EEPROM cells are verified to ensure that they are 
properly programmed. If the EEPROM cells are not prop- 
erly programmed, programming is repeated until all of the 
EEPROM cells are properly programmed. The program 
voltage is increased in a stepwise manner every time pro- 
gramming is repeated. 
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METHOD FOR PROGRAMMING A FLASH 
MEMORY DEVICE 

[0001] This application claims priority from Korean 
Patent Application No. 2000-06443, filed on Feb. 11, 2000, 
the contents of which are herein incorporated by reference in 
their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
-device and r more particularly, to a method foryropamming 
a nonvolatile semiconductor memory device to improve its 
program time. 

BACKGROUND OF THE INVENTION 

-[0003] — Recently ~dem'and~~for semiconductor memory 
devices that are electrically programmed and erased without 
refreshing data stored in the memory devices has increased. 
Also, it is a main trend to increase storage capacity and 
integration density of semiconductor memory devices 
thereof . A NAND-type flash memory device, for example, is 
a nonvolatile semiconductor memory device for providing 
large capacity and high integration density without refresh- 
ing stored data. Since the nonvolatile semiconductor 
memory devices maintain their data at power-off, they are 
widely used in applications where power can be suddenly 
interrupted. 

[0004] A NAND-type flash memory device is a nonvola- 
tile semiconductor memory device includes electrically 
erasable programmable read-only memory (EEPROM) 
cells, which are often referred to as "flash EEPROM cells". 
The flash EEPROM cell comprises a cell transistor, which 
has a semiconductor substrate (or bulk) of a first conduc- 
tivity type (e.g., P-type), spaced source and drain regions of 
a second conductivity type (e.g., N-type), a floating gate 
placed over a channel region between the source and drain 
regions for storing charges, and a control gate placed over 
the floating gate. 

[0005] As well known to those skilled in the art, the 
NAND-type flash memory device comprises an array of 
NAND -structured EEPROM cells. A cross-sectional dia- 
gram of the array is illustrated in some detail in "Semicon- 
ductor Memories: A Handbook of Design, Manufacture, and 
Application" by Betty Prince, 2 nd Ed., John Willey & Sons, 
pp. 698-717 (1991), which is hereby incorporated by refer- 
ence. 

[0006] The flash EEPROM cell transistor is programmed 
or erased by the so-called F-N tunneling mechanism. A 
rough description of the mechanism is as follows. A cell 
transistor is erased carried out by applying a ground voltage 
(0V) to its control gate and a voltage (e.g., 20V), higher than 
a power supply voltage, to its bulk or substrate. This large 
voltage difference sets up a strong electric field between the 
floating gate and the bulk such that electrons on the floating 
gate are discharged into the bulk. The effect is termed F-N 
tunneling, A threshold voltage of erased cell transistor shifts 
into a negative direction (e.g., -3V). This state is defined as 
data "1" and a flash EEPROM cell having the data "1" a state 
is called an "on-cell". 

[0007] In order to program the cell transistor, a voltage 
(e.g., 18V) higher than the power supply voltage is applied 
to its control gate and a ground voltage is applied to its drain 



and bulk. Under this bias condition, electrons are injected in 
the floating gate of the cell transistor by the F-N tunneling 
effect. The threshold voltage of the programmed memory 
cell shifts into a positive direction (e.g., IV). This state is 
defined as data "0" and a flash EEPROM cell having the data 
"0" a state is called an "off-ceir. 

[0008] A detailed description of the program operation is 
as follow. First, a command (e.g., * 80* h) indicating a sequen- 
tial data input is provided to a flash memory device having_ 

— the array of-programmed memory^ellsTAn^ddressanddata 
are then sequentially provided to an address buffer circuit 
and a page buffer circuit. After a data input, a high voltage 
generating circuit generates a high control gate voltage 
responsive to a command (e.g., '10'h) indicating the start of 

programmm g.^ALthe_sarne,time,-biU lines- are set-with-a- 

power supply voltage (or a program inhibition voltage) or a 
ground voltage (or a program voltage) according to data 
loaded in the page buffer circuit. This operation is called "a 
bit line setup operation". After the bit line setup operation, 
the high voltage from the high voltage generating circuit is 
supplied to a selected word line. This last operation is called 
"a program operation". After a predetermined time elapses 
under the bias condition of the program operation, data from 
selected cell transistors is read. This operation is called "a 
verify operation". If at least one of the selected cell transis- 
tors is insufficiently programmed, the above -described pro- 
gramming process, which consists of a subset of the bit line 
setup operation, the program operation, and the verify 
operation, is repeated by predetermined number of program 
loops, with each program loop, the high voltage is increased. 

[0009] A technique for increasing the high voltage at each 
program loop iteration is disclosed in IEEE International 
Solid-State Circuits Conference, 1995, pp.128-129, "A 3.3V 
32 Mb NAND Flash Memory with Incremental Step Pulse 
Programming Scheme" by Suh, Kang-Deog et al., which is 
hereby incorporated by reference. 

[0010] A problem arises when the above-mentioned pro- 
gram method is applied to the NAND-type flash memory 
device. This problem involves carrying out the program 
operation before the high voltage reaches a required voltage 
level. Causing the first program loop to fail. If the first 
program loop fails, the number of program loops conse- 
quently increases thereby increasing program time. Also, a 
flash EEPROM cell transistor to be programmed at the first 
program loop is over-programmed at the following program 
loop due to the initial program fail are because the high 
voltage applied to a selected word line is increased by a 
predetermined voltage (e.g., 0.4V) at the following program 
loop. The result is that operating characteristics of pro- 
grammed cell transistors are adversely affected. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide a flash memory device capable of overcoming the 
disadvantages and problems associated with prior art flash 
memory devices. It is another object of the present invention 
to provide a flash memory device capable of reducing 
program time. 

[0012] It is but another object of the present invention to 
provide a method of programming a flash memory device, 
that is capable of preventing characteristic of an EEPROM 
cell degradation. 
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[0013] In order to provide this and other objects, advan- 
tages and features according to the present invention, a 
method of programming a a nonvolatile semiconductor 
memory device is provided. The nonvolatile semiconductor 
memory device includes an array of electrically erasable and 
programmable read-only memory cells (EEPROMs) 
arranged in a matrix of rows and columns and a page buffer 
circuit coupled to the array via the columns. The method 
comprises sequentially loading program data in the page 
buffer circuit responsive to a first command signal, the first 
^ommand_signal vindicating program- data-input andgener- 
ating a program voltage responsive to a second command 
signal, the second command signal indicating programming 
initiation. EEPROM cells are programmed after the program 
voltage reaches a predetermined target. Programming the 
EEPROM cells includes cha rging the colum pswith either.a. 
program-inhibit "^voltage or a column program voltage 
depending on the program data, supplying the program 
voltage to a selected row to thereby program the EEPROM 
cells on the selected row, and discharging the rows and 
columns after charging and supplying. Data is read out from 
the programmed EEPROM cells after discharging. All of the 
programmed EEPROM cells are verified to ensure that they 
are properly programmed. If the EEPROM cells are not 
properly programmed, programming is repeated until all of 
the EEPROM cells are properly programmed. After each 
programming iteration, the program voltage is increased in 
a stepwise manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A more complete appreciation of the present inven- 
tion, and many of the attendant advantages thereof, will 
become readily apparent as the same becomes better under- 
stood by reference to the following detailed description 
when considered in conduction with the accompanying 
drawings in which like reference symbols indicate the same 
or similar components. 

[0015] FIG. 1 is a block diagram showing a flash memory 
device according to the present invention. 

[0016] FIG. 2 is a preferred embodiment of the enable 
circuit shown in FIG. 1. 

[0017] FIG. 3 is a flow chart of the programming method 
of the present invention. 

[0018] FIG. 4 is a timing diagram of the control signals 
used in the flash memory device shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0019] The preferred embodiment of the invention will be 
more fully described with reference to the attached draw- 
ings. 

[0020] According to a novel program algorithm of the 
present invention, a high voltage generating circuit operates 
responsive to a command indicating the beginning of a 
programming process. After the high voltage generating 
circuit produces a high voltage of a required level, the 
programming process, which consists of a subset of the bit 
line setup operation, the program operation, and the verify 
operation described earlier, is repeated by the number of 
predetermined program loops. Since the program operation 
is carried out using a high voltage sufficient to program a 



memory cell, this program algorithm solves problems asso- 
ciated with a conventional program method. 

[0021] A block diagram showing a NAND-type flash 
memory device according to the present invention is illus- 
trated in FIG. 1. The flash memory device comprises a cell 
array 10, a row decoder circuit (X-DEQ 20, a page buffer 
circuit 30, and a column pass gate circuit 40. The cell array 
10 has a plurality of strings 12 arranged along columns. One 
string, such as string 12, is a cell unit corresponding to 1-bit 

data. Each-string-comprises-a- string select'transistor SSTm" 

(m=0, 1, 2, . . . , i) whose gate is connected to a string select 
line SSL. Each string further comprises a ground select 
transistor GSTrn whose gate is connected to a ground select 
line GSL. In each string, a plurality of memory cells Mn 
(n=0, 1, , 15) are connected in series.betweena source 
of the string select transistor SSTm and a drain of the ground 
select transistor GSTm. Control gates of memory cells in 
each string are connected to corresponding word lines WL0 
to WL15. The drain of each string select transistor SSTm is 
connected to a corresponding bit line BLm, and the source 
of each ground select transistor GSTm is connected to a 
common source line CSL. The string select line SSL, the 
word lines WL0 to WL15 and the ground select line GSL are 
electrically connected to the row decoder X-DEC 20. 

[0022] The page buffer circuit 30 comprises a plurality of 
page buffers 30_0 to 30_i corresponding to the bit lines BLO 
to BLi, respectively. During a read cycle, each page buffer 
30_0 to 30_i senses data from a selected memory cell, and 
transfers the sensed data to a data output buffer (not illus- 
trated) through the column pass gate circuit 40. During a 
write cycle, each page buffer stores data applied from an 
input/output buffer through the column pass gate circuit 40, 
Circuit construction and function will be described with 
reference to one page buffer 30_0 corresponding to the bit 
line BLO. Other page buffers 30_1 to 30_i corresponding to 
other bit lines BLI to Bli, respectively, have the same circuit 
construction and function as the page buffer 30_0. 

[0023] The page buffer 30_0 comprises a PMOS transistor 
M2, five NMOS transistors Ml and M3 to M6, and a latch 
50 consisting of two inverters INV1 and INV2. The NMOS 
transistor Ml, whose gate is connected to receive a signal 
BLSHF, is connected between a node Nl and the bit line 
BLO through a depletion-type MOS transistor DM. The 
NMOS transistor Ml is used to adjust the voltage level of 
the bit line BLO and to prevent the page buffer 30_0 from 
being affected by a high voltage spike. The gate of the 
depletion-type MOS transistor DM is connected to receive a 
signal Oblsh. The source and drain of the PMOS transistor 
M2, whose drain is connected to the node Nl (or the drain 
of the transistor Ml), are connected to a signal CURMIR 
and a power supply voltage Vcc, respectively The PMOS 
transistor M2 supplies current to the bit line BLO in response 
to the signal CURMIR. The NMOS transistor M3 7 whose 
gate is connected to receive a signal DCB, is connected 
between the node Nl and the ground voltage. The NMOS 
transistor M3 pulls down a voltage of the bit line BLO, and 
initializes the page buffer (i.e., the latch 50) with a ground 
voltage level. The NMOS transistor M4, whose gate is 
connected to receive a signal SBL, is connected between a 
node N2 and the node Nl. A node N3 of the latch 50 (a 
complementary node of the node N2) is connected to the 
ground voltage Vss through the NMOS transistors M5 and 
M6. The gate of the transistor M5 is connected to the node 
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Nl, and the gate of the transistor M6 is connected to receive 
a signal Olatch. The NMOS transistors MS and M6 change 
a state of data stored in the latch 50 in response to a voltage 
level on the bit line BL0 and the signal Olatch. 

[0024] The flash memory device according to the present 
invention further comprises a high voltage generating circuit 
60, an enable circuit 70 and a controller 80. The high voltage 
generating circuit 60 performs a pump operation in response 
to a program confirm command signal PC_CMD to thereby 
generate a high voltage V POM of a required level, Tne enable 
circuit 70 generates an.enablepulse signal-ENin responseto 
the program confirm command signal PC_CMD, The con- 
troller 80 controls an operation of the page buffer circuit 30 
according to a programming process in response to the 
enable signal EN. That is, the controller 80 controls logic 
levels of control signals used in tr^p^gebmTex30_according 
to the programming processTAfter the high voltage gener- 
ating circuit 60 sufficiently generates a high voltage V PGM of 
a required level, the enable signal EN is pulsed, as will be 
described more fully below. 

[0025] Referring to FIG. 2 which shows a preferred 
embodiment of the enable circuit 70. The circuit 70 com- 
prises a counter 71, a NAND gate 72, a NOR gate 73, 
inverters 74 and 76, and a pulse generator 75, which are 
connected as illustrated in FIG. 2. The counter 71 generates 
signals Ql and Q2 when the program confirm command 
signal PC_CMD is inputted the signal Ql having a period 
different from a period of the Q2 signal. The enable signal 
EN is generated not when the program confirm command 
signal PC_CMD is inputted, but rather after the command 
signal PC_CMD is inputted and a time sufficient to generate 
a high voltage V PGM of a required level elapses. 

[0026] FIG. 3 is a flow chart showing a program proce- 
dure according to the present invention, and FIG. 4 is a 
diagram showing timing of control signals used in the flash 
memory device shown in FIG. 1. The memory cell array is 
first erased and then an erase verify operation is performed. 
After the erase operation is verified, the program operation 
of the present invention according to the program procedure 
shown in FIG. 3 is performed. 

[0027] Referring to FIG. 3, at step S100, a command 
( ( 80'h) signal indicating sequential data input is loaded in 
the NAND-type flash memory device (e.g., a command 
register therein). At step S110, an address and data are 
loaded in the flash memory device. When the address is 
inputted therein, the page buffers 30_0 to 30_i (that is, the 
latch of each buffer) are initialized responsive to control 
signal generated from the controller 80. Step S110 corre- 
sponds to periods A and B of FIG. 4. During period A, the 
signal Olatch is maintained at a logic high level and the 
signals Oblsh, BLSHF, DCB, SBL and CURMIR are main- 
tained at a logic low level. This signaling results in node N3 
of each latch 50 being grounded to the ground voltage Vss 
through turned-on NMOS transistors M5 and M6. Doing so 
initializes the page buffers 30_0 to 30_i. During period B, 
data bits to be programmed are loaded in corresponding 
latches 50 of the page buffers 30_0 to 30_i through the 
column pass gate circuit 40 responsive to column select 
signals YA0 to YAi and YB. For example, data "I" is loaded 
in a latch 50 of a page buffer that corresponds to an 
EEPROM cell to be programmed, and data "0" is loaded in 
a latch of a page buffer ihat corresponds to an EEPROM cell 
to be program-inhibited. 



[0028] At step S210, a command ('80'h) signal PC CMD 
indicating a program confirm is provided to the NAND-type 
flash memory device. The high voltage generating circuit 60 
of the memory device performs its pump operation in 
response to the program confirm command signal PC_CMD, 
and thus a high voltage V PGM from the circuit 60 reaches a 
required voltage level in predetermined time (e.g., 15 to 20 
jus). The step S120 corresponds to a period C of FIG. 4, 
during which the controller 80 controls logic states of 
control signals used in the page bu ffer 30 . 

[0029]" "Atltep S140, EEPROM cells of a selected word 
line are programmed using a bit line setup operation and a 
program operation. The bit line setup operation is carried out 
during period D of FIG. 4, in which bit lines BL0 to BLi are 
charged with a power sup ply volta ge_Vcc_(or_a_program- 

inhibition~voltage) or a ground voltage Vss (or a program 

voltage) according to data bits loaded in step S110. The 
program operation is performed during period E of FIG. 4, 
in which a high voltage V PGM generated from the high 
voltage generating circuit 60 is supplied to a word line 
selected by the row decoder circuit 20. An EEPROM cell 
transistor connected to a bit line, which is charged with the 
ground voltage Vss, is programmed because a bias condition 
sufficient to form F-N tunneling of a hot electron from a 
drain of the cell transistor to a floating gate thereof is 
satisfied. On the other hand, an EEPROM cell transistor 
connected to a bit line, which is charged with the power 
supply voltage Vcc, is program-inhibited. 

[0030] In particular, since a bit line related to a program- 
inhibited cell transistor and a gate of a string select transistor 
SSTm related thereto have the power supply voltage, a 
source of the string select transistor SSTm is charged with 
Vcc-Vth (Vth indicates a threshold voltage of an NMOS 
transistor). However, once the source of the string select 
transistor SSTm reaches a potential of about Vcc-Vth, the 
string select transistor SSTm turns off. When the string 
select transistor SSTm turns off, source, drain and channel 
regions of each of EEPROM cell transistors in a string 
corresponding to the closed transistor SSTm are isolated 
from the bit line charged with the power supply voltage. 
These EEPROM cell transistors then enter a floating state. 
Furthermore, since source, drain and channel regions of 
respective EEPROM cell transistors, which correspond to a 
bit line driven with the program inhibition voltage, are 
capacitively connected to control gates thereof, the potential 
of the above-referenced regions is increased or boosted. No 
electric field is formed between a control gate (or a floating 
gate) and a channel region of each cell transistor due to the 
boosting effect. Therefore, there is no possibility of an 
unnecessary program that occurs when "hot" electrons are 
injected into floating gates of the cell transistors correspond- 
ing to the bit line with the program inhibition voltage. 

[0031] A detailed description associated with the program 
inhibition method is disclosed in U.S. Pat. No. 5,677,873 
entitled "METHOD OF PROGRAMMING FLASH 
EEPROM INTEGRATED CIRCUIT MEMORY DEVICES 
TO PREVENT INADVERTENT PROGRAMMING OF 
NONDESIGNATED NAND MEMORY CELLS 
THEREIN", which is hereby incorporated by reference. 

[0032] Before step S150, the voltages applied to word 
lines and bit lines during the period E are discharged up to 
a ground voltage level during a recovery (or discharge) 
period F (refer to FIG. 4). At step S150, each programmed 
cell transistor is verified to ensure that it has a required target 
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threshold voitage. The discharge operation is carried out in 
order to discharge an unnecessary program during a verify 
operation to be performed next. When a threshold voltage of 
an EEPROM cell transistor reaches a required target thresh- 
old voltage, the latch 50 (that is, the node N2) of a page 
buffer 30_m is set to a logic high level (that is, a program 
inhibition voltage) in a verify period F of FIG. 4. On the 
other hand, when the threshold voltage of the EEPROM cell 
transistor is lower than the required threshold voltage, the 
latch 50 of the page buffer continues to be maintained at a 
program voltage. If data "1" are not latched in all page 
buff ers 50, the^programming-process (consists ofvbit line 
setup operation, a program operation, a recovery operation 
and a verify operation) is repeated until data "1" is latched 
in the latch 50 of each page buffer. During the iterated 
programming process, a word line voltage is continuously 
increased. This increase in work line voltage i s called "an_ 
-incremental step pulse"progra"mming^h"erhe". Herein, it is 
obvious to a person skilled in the art that the term "the 
programming process" corresponds to "a program loop" 

[0033] According to the present invention, a program loop 
to be performed unnecessarily is reduced by obtaining a high 
voltage of a required level prior to performing a bit line 
setup operation. As the number of program loops is reduced, 
program time is shortened, and characteristic of EEPROM 
cell transistors is prevented from being dropped. 

[0034] It should obvious to a person skilled in the art that 
the flash memory device in FIG. 1 according to the program 
algorithm of the present invention can be realized differ- 
ently. For example, the NAND-type flash memory device 
can be realized so that whether a high voltage from the high 
voltage generating circuit 60 reaches a required voltage level 
is detected and the controller operates according to the 
detection result. 

[0035] The invention has been described using exemplary 
preferred embodiments. However, it is to be understood that 
the scope of the invention is not limited to the disclosed 
embodiment. On the contrary, it is intended to cover various 
modifications and similar arrangements. Hie scope of the 
claims, therefore, should be accorded the broadest interpre- 
tation so as to encompass all such modifications and similar 
arrangements. 

What is claimed is: 

1. A method for programming a nonvolatile semiconduc- 
tor memory device, the memory device including an array of 
electrically erasable and programmable read-only memory 
cells (EEPROM cells) arranged in a matrix of rows and 
columns and a page buffer circuit coupled to the array via the 
columns, the method comprising: 

sequentially loading program data in the page buffer 
circuit responsive to a first command signal, the first 
command signal indicating program data input; 

generating a program voltage responsive to a second 
command signal, the second command signal indicat- 
ing programming initiation; and 

programming the EEPROM cells after the program volt- 
age reaches a predetermined target voltage. 

2. The method of claim 1 wherein programming includes: 

charging the columns with either a program-inhibit volt- 
age or a column program voltage depending on the 
program data; 



supplying the program voltage to a selected row to 
thereby program the EEPROM cells on the selected 
row; 

discharging the rows and columns after charging and 
supplying; 

reading out data from the programmed EEPROM cells 
after discharging; and 

verifying that all oHhe_prqgrammed EEPROM-cells are- 
properly programmed; 

repeating programming until all of the programmed 
EEPROM cells are verified as being properly pro- 
grammed. 

— 3.-The method-of claim-2 wherein the pog^irnToltage is 
increased in a stepwise manner when programming is 
repeated. 

4. The method of claim 1 wherein the EEPROM cells are 
NAND type cells. 

5. A method for programming a nonvolatile semiconduc- 
tor memory device that includes an array of electrically 
erasable and programmable read-only memory cells 
(EEPROMs) arranged in a matrix of rows and columns and 
a page buffer circuit coupled to the array via the columns, the 
method comprising: 

sequentially loading program data in the page buffer 
circuit responsive to a first command signal; 

generating a row program voltage responsive to a second 
command signal, the second command signal indicat- 
ing programming initiation; 

delaying the second command signal by a predetermined 
time; and 

programming the EEPROMs responsive to the delayed 
second command signal. 

6. The method of claim 5 wherein delaying the second 
command signal includes delaying the second command 
signal for a time necessary for the program voltage to reach 
a target voltage. 

7. A method for programming a nonvolatile semiconduc- 
tor memory device, the memory device including an array of 
electrically erasable and programmable read-only memory 
cells (EEPROMs) arranged in a matrix of rows and columns 
and a page buffer circuit coupled to the array via the 
columns, the method comprising: 

sequentially loading program data in the page buffer 
circuit responsive to a first command signal; 

generating a program voltage to be supplied to a selected 
row responsive to a second command signal; 

detecting whether the program voltage reaches a target 
voltage and generating a detection signal as a result of 
the detecting; and 

programming the EEPROMs responsive to the detection 
signal. 
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